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B r i e f Summary T ex t ( 4 ) : 

l sease is a zoonosis oaused by the t irk -borne spnochaete &. burgdorferi (1) . 

ceptible host is titten by an ixodi i tick, B. burgdorferi organisms enter the 
umans tne initial skit, manifestation :s termed erythema cnronirum migrans 
eas a long - s t and i ng infection of tne skin produces a rrcderma t 1 1 1 s chronica 
s (2) . The Borrelia organisms also enter the circulatory system of the host 
stributed to various -organs, including- the brain and joints (3) . A secondary 
the pathogens procure; a variety of clinical syndromes, including lymphocytic 
lculitis (4 i , myocarditis { 5 j and chronic arthritis (6) . In many patients the 
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of seme tissues, particularly the brain and joints, persists for years and 
erely r disabling. These forms of chronic Lyme disease are a consequence of the 
rility to rid itself of the infectious agent and perhaps the development of 
me react l on ( 7 ) . 
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Brief 5 u r nma r y T e x t (10) : 

Hansen et al , (16} describes a method of preparing purified preparation 
usable as an antigen in an E b I S A analysis for IgM antibody detection. 
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Text 



2 ) : 



641 discloses the use of antibodies specific to one : r more antigens c>f Bo 
birgdcrferi, e.g. related to the oell wall or cell membrane of tne organism. OspA and 
OspB are mentioned as examples of such antigens and fractions of B. burgdorferi are 
mentioned in general The antibodies are stated to be useful in detecting B. 
hurgdc rferi antigens in urine and m diagnosing Lyme disea se. 
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diagnosed with a high specificity. 
Brief Summary Te xt (22) : 

Fractions B, C and E of the present invention are r.cvel . The method outlined above by 
which the fractions of the invention may be obtained involves several steps, which will 
hie described m 'details below. One step in the method of obtaining the fractions of B. 
burgdorferi is the initial lysis of the B. burgdorferi spirrchaetes . The lysis is 
performed under conditions which ensure that the outer membrane and the components 
attached thereto are substant lal ly released f rem the cell w h 1 1 and flagellar components 
whereby fractions :>f important antigenic component, s , whicn ;>re valuable for late stage 
detection of Lyme :;i sease ; are -obtained. These conditions rrncy be fulfilled oy use of a 
mild n on - denat urat l ng detergent wonich, as will be described below, is preferably a 
non-denaturing, wat er-dialysabl e lysating agent such as a non-ionic, zwitterionio or 
anionic detergent, e.g. cc t y 1 - . b et a . - D - g 1 uc spy ranos i de !03P) . Since the fractions of 
the invention are substantially free from flagellar proteinic., there is minimal 
cross - reactivity with ant lbo d l es directed against flagella f rom other bacteria. 

E r i e f S u mma r y T e x t ( 2 S 1 : 

In a further aspect, the present invention relates to immunologically active fractions 
of a B. burgdorferi spirochaete strain substantially identical to the immunologically 
active tractions B, C and E obtained when subjecting the same strain of B. burgdorferi 
spirochaetes to "he procedure described in Example 1 as determined by methods of 
determining substantial identity. Examples of such methods of determining substantial 
identity are comparison of t'-:e nrnfpir. distribution pattern ac obtained by SDS-PA3E 
analysis and l mmun : 1 og i ca 1 met he ds , e . g . such a s p a ra 1 1 el E h I S A l n wh ich t he reacti v 1 1 y 
of sera with antigens is measured. 

Erie f S ummary Tex t (3-0; : 

In a further aspect, the present invention relates to an immunologically active 
fraction of B. burgdorferi, preferably fraction B of B. burgdorferi, having 
substantially the same reactivity with sera from patients with Ly me disease as that of 
whole :ells of B burgdorferi, but with substantially less react lvity with sera from 
syphilitic patients. Because members of the Eorrel la genus show cemmen antigens with 
one another and with the treponemes (12) (13) the problem of immunologic 

cross- reactivity arises when using whole cell preparations in serologic tests. As shown 
in Table 2 of Example 1, comparable analyses for c lass - spec l f i c IgG antibody have 
revealed that fraction B shows comparable sensitivity and greater specificity than the 
whole cell preparation Furthermore, cross-reactivity with treponemal antibodies is 
minimal . 

Brie f Summary Text ( 3 1 )■ : 

Furthermore, in Example 1 it is shown that only 3 of 16 samples from syphilis patients 
were positive. In Example E it is shown that coaly 1 of 13 mo nonu cleo sis patients and 2 
out of 70 Anti nuclear antibody ( ANA ' sera exceeded the cutoff value, i.e. were 
positive. These results show that use of this fraction, i.e fraction B, in efforts to 
detect IgG antibody reduces the number of false positive reactions associated with 
immune responses tc other treponemes, Normally when using whole cells of B burgdorferi 
for diagncst ic purposes, both a serological test, for Lyme disease and a diagnostic test 
for syphilis are required :u order to ; < • . • ; < • to determine the f a 1 s e ~7o : s ; t ~v < o : g na 1 s 

constitutes a very important and novel tool in t he fast and accurate diagnosis of Lyme 
d i sea se . "~ 



Brief Summary Text {32) : 

Fraction B reacts with a substantial p * o •<•:.*;.'<■ 
i : o < • a s ' • , ' • . : . at \\ • u ' - : - o: * he s'u -a to 

n referable, traction B reacts with -C >-as*- - " - 
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The substantial lack cf cell wall an ; flagellar components is, as explained above, 
believed to be one of the reasons ton the very advantageous di agn cst 10 properties of 
the fractions of t he 1 nv e n 1. 1 :■ n . 

Brief S um mary Text . 4 3 ] : 

As shown m FIG. 2, the profiles cf ::::i,ass:e b 1 ue - stained proteins and of whole cell 
and fractionated lysat.es B, C. and E of B. burgdorferi differ. When compared with the 
molecular weight standards, the stained gel reveals the surface proteins of 31 and 34 
r:;i {OspA and DspE! in fractions E, E and in the wncle oel I lycate .of 3. burgdorferi 
strain 2591. Tne presence of OspA m tnese preparations has oeen verified by 
lnimunot'lott mq with monoclonal antibody H3332. Likewise, the presence of OspB in tne 
preparations has been veri f led by immunob lot t m g with monccl onal antio: dies H€ 531 and 
HETS. In fraction 3 OspA and OspB wete absent. Tne 41 rid protein of flageilm was 
absent m all three fracciins 3, 3 and E. Thus, tne 41 rid protein of fraction E stated 
above did not react with tne a nt i - f 1 a ge 1 1. m monoolonal antibody H9724 m an E L I SA and 
cboes not react with f racti :ns B and E and dcei t heref ore not seem to be flageilm or a 
related prot em. Fraction 3 a 1 so vervains other major prctems with apta rent Tiolechar 
weights of 22, 21, 2 I', 33, 53, 36, 3 r and 5E ha. The 3 i- rid protein did not react with 
morioclonal antibody H3724, showing that this is not. tne same as the flageilm antigen. 
Fraction 0 contains two proteins with molecular' weights of about 4; kd and about 7: kd , 
respectively. Four proteins in fraction B may prove to be cf particular interest, 
namely the 21, EE, 33 and E5 kd proteins. Antibodies against tne 33 and r3 kd proteins 
have been found in sera f rom patients with Lyme disease,, and tnese proteins may 
the re f ore h*=- i mn -.r*~ =- r -. r in t he B. bur^iorferr infection, ond to potent ia 1 candidates f oi 
vaccine and d lagno st l c agent constituents m riniunizat ion and diagnosis of Lyme 
di sease . The 3 3 kd protein is believed to be cleaved to a smaller sice when whole cells 
■of B. burgdorferi are inculcated with proteases such as trypsin and proteinase K. . 

Brief 3umma ry Text (37) : 

The term "functional equivalent" is intended to include all l mmunogen l ca 1 1 y active 
substances with the ability of evoking an immune response in animals, including humans, 
to which the equivalent polypeptide has been administered, e.g. as a constituent of a 
vaccine or a diagnost l c agent, which immune response is similar to tine immune response 
evoked by the Ost'A protein. Thus, equivalent polypeptides are polypeptides capable of 
conferring immunity to Lyme diseases. 

Brief Bumma rv Text (109) : 



Tne production c>f OspA cr a part thereof by recombinant techniques has a number of 
advantages: it is possible to produce OspA cr part thereof by cultunr.g non-pathogenic 
organisms or -other organisms which do not affect the i mmuri : 1 ; g l ca 1 properties of jspA 
or part thereof, it is possible to produce OspA in hioher quantities than those 
obtained when recovering OspA from any of the above described fractions B, C and E, and 
it is possible to piroduce parts of OspA which may not be isolated from 3. burgdorferi 
strains. The higher quantities of OspA. c>r parts thereof may for instance be obtained by 
using nigh copy number vector's for cloning the jNVA fragment of the invention cr by 
using a strong promoter to induce a higher level of expression than the expression 
level obtained with the promoters PI and ?2 present on the DNA fragment of the 
invention. Ey use of recombinant DKA techniques for producing OspA. or parts thereof, 
u v. 1 imi t eoi accent ; c: a subs! r.C oh 3; rur<- rrct c -:n or : :o went oho 



isolates may he obt o.nod. Thus, it ; s possible ' oht 



a: o . ' • ■:. p o -c nst : t oo Co A . 3: * . o * oh h' : u o • .3 - : A oc a : -yo i * . :< pc : 

thereof has the additional advantage that t lie exact concent rat l on thereof in a a i v e n 
vaccine preparation is known so that, an exact dosage may be administered to the 
l n d l v i d u a 1 to bo i mn \u nice d . 
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periodically administer the vaccine described above to individuals subjected to contact 
w 1 1 h tic:s bearing B . burgdorferi. It is c c n t er:;p 1 a t ed that vaviriat:: n o u c e a year s u c h 
as m the springtime will provide a suitable protection of individuals m risk of B. 
burgd orf en infection. A suitable dose of immunogenic components for sucn a vaccination 
is 5-rOO . mu . g . However, also more irregular immunizations may be advantageous, and any 
immunization route which may tie contemplated or shown to produce e\r. appropriate immune 
respor.se car. be employed in accordance with tr.e principle of the present invention. 
Suitable administration forms, of t ne vaocme of the invention are oral administration 
forms, e.g. tablets-., granules or capsules, subcutaneous , : nt racutaneous cr 
intramuscular administration forms or forms suitable for nasal or rectal 
a dmm l st. rat. i on . 

E-; rie f F umma ry Tex t ( 1 "_ 3 } : 

As stated above, recombinant DMA technologies are useful for the preparation of 
d i agn ost . l o reagents and vaccines. Routine methods for vaccine production involve risks 
of obtaining unwanted side effects, e.g. d,e to trie vaccine containing mwanteo (or 
even unidentified) contaminants. An alternative approach to the production of new 
vaccines involves the insertion of one or more FNA sequences constituting one -or no re 
parts of the DMA sequence shown in FIG. 5 or raits thereof into a virus genome, e.g. 
into a retro-virus, vaccinia virus c>r Fpst e i ri-Barr virus genome, to produce a polyvalent 
vaccine. An especially interesting vires t o r the present purpose is vaccinia. Also, 
synthetic p o Lypep 1 1 dec whi ch have been prepared by convent iona 1 metioods, e.g. ry solid 
cr liquid phase peptide synthesis, are suitable for vaccines. 

Brief S u mma r y Text (114) : 

In a further aspect, the present invention relates to a n: n-pat hogeni o microorganism 
which carries and is capable of expressing an inserted nucleotide sequence which is the 
nucleotide sequence shown in BIG. E or part thereof for use as a live vaccine for the 
immunization of an animal against Lyme disease. For instance, the use of a live vaccine 
might, be advantageous since it is presumed that \^sci:ies based on living organisms show 
an excellent immunogenic it y, and it is also contemplated that the use ot a live vaccine 
will confer a lifelong immunity against Lyme disease so that repeated vaccination will 
not be needed. 

Eri_e_^ Summary Text (118) : 

As is explained above, fractions of B. burgdorferi spirochaetes selected from fractions 
B, C and E defined above or polypeptides encoded by the IMA sequence shown in FIG. 5 or 
parts thereof are useful in immunization against ly/me disease and in the preparation of 
a composition for the immunization against Lyme disease, i.e. as vaccine components. 

Bri ef Summary Text (119) : 

In a further important aspect, the present invention relates to a diagnostic agent fcr 
tr.e detection of B. burgdorferi antibodies in a. sample, which agent comprises one or 
more fractions of B. burgdorferi spircohaet.es selected from fractions B, 1 and E 
defined above. Further, the present invention relates to a diagnostic agent for the 
detection of B. burgdorferi antibodies in a sample, which agent comprises one or more 
po-lypept ides encoded by the DMA fragment shown in FIG. 5 or part thereof , cr one or 
mere of the proteins contained m any of the fractions F , C and E defined above cr a 
c ombi nat. ion of one cr mor*- of t. : . poLyp**pr i les encoded b\ the LMA f ragm-rnt or :ort. s 
* :.<•!<•: a:i;: the proteins t. h<o 

As explained . u B. bu t a do r 1 ► - 1 : strums ot uu : erent ueo g ra: ,n ; uu I oriuin dill e r in 

hour protein prof : Uo as 'u.iy< • by lc,u:.ass:e . • * of BAGL gels Fx. c;.: 1 ^nd 

5). Thus, the pattern of antibody responses, besides being dependent on the stage of 
infection, may vary between individuals from different parts of the world. Therefore, 
it may prove advantageous to use a mixture of two or more fractions isolated from 
different B. burgdorferi strains in a di agn o st i c agent to be used in various parts of 
t h" world For instance, the use . ; .< ■ tractive, of european oriain and one of a::.erooin 
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Immunol ogical 1 y active fractions or components may be used as di agn cst i c 
the determination of tile presence of B. burgdorferi . As will tie apparent 
skilled in the art, several techniques may be applied m connection v;itn such 
diagn est ic reagents. Thus, preferred embodiment s of the invention are based ::n 

bet wee 
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t: a person 
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and t ne like. 
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^ I _1 e ^ S ummary Text (13 2) : 

The ELI SA and P. I A methods are well est at) 1 1 shed and may be carried out with exist 11 
laboratory equipment, and may also be subjected to automation.. Tne methods c>f the 
invention therefore have wide applicability m clinical laboratories for d 1 agnost : 
purposes and for monitoring the results of vaccination procedures, 
pharmaceutical industry .as an assay for r mmun :■ gens to be used m t: 
vac c 1 nes . 



and m the 
.e product 1 or. 



^i-chc? S ummary Tex t ( 1 } ^ ) : 

Although in some cases such as when the d 1 ag n 0 st 1 c agent is t 
a gg Lut mat 1 on assay in which solid particles to which the ant 
agglutinate m the presence of a B. burgdorferi antibody in t 
testing, no labelling of the monoclonal antibody is necessary 

ri 1 .; T~n ~i :^ e 1" "■ ri r~ i de the art 1 O 1 " 1 ■ * iiM t- n =i 1 =s Kei 1 -i >-i v-.-A >■• *- - *- 



a employed in an 

i is coupled 

sample subjected to 

o is preferred for most 



oiouble antibody ("sandwich") assa'j 
a label. 



it least one of the antibodies may be provided with 



: l c 



& nef Summar y Text (144) : 

In an embodiment of the invention, the diaonos 
active component :> f B. burgdorferi which is co 
solid support. The bridging molecule, which is designed 
the immunologically active c:iip:nents may be hydrazide, 
carbodiimide, c>r lysine. 



agent may 'comprise an i mmunc> 1 oai ca 1 ly 
^pled to a bridging molecule coup- led to a 
tc link the solid support and 
Protein A, glut aral dehyde , 



Brie f S umm a ry Text ( 14 E ) : 

The solid support employed in the di agnostic agent of the invention is e.g. a p-cdymer 
or it may be a matrix coated with a polymer. Tne matrix may be of any suitable solid 
material, e.g. glass, paper or plastic. The polymer may be a plastic, cellulose such as 
specially treated paper, nitrocellulose paper c>r oyanogenbromi de -ac 1 1 vated p>aper. 
Examples of suitable pdastics are latex, a polystyrene, pcly;mylchlcride, 
polyurethane, polyacry 1 ami de , p: lyvinylaceta te and any suitable copolymer thereof . 
Examples of silicone polymers include siloxane. 



E nef Summary Text (152) : 

:f 3. burgdorferi antigens 



m a s a mole may be 



imed cut boy 



;smq some 



The detect l on 

of the well known Eh I SA principles, e.g. direct, catching, competitive and double 
enzyme linked immunosorbent assay. In e.g. an inhibition assay a purified po hypep t ide 
preparation of the invention is attached to a solid support ( •=■ • g • a polystyrene 



?r troao 



;st 
: : i 



one t rat 



u p. i< 



ret er> 



B rief S u mma r y T e x t (15 6 
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FIG. 14 shows the IgG ar.ribody responses to the E. burgdorferi E fraction ELISA 1:1 sera 
from 52 patients with early and late stage Lyme barrel iosis. Control sera from. 64 
healthy individuals were also measured. The cutoff value, calculated from the 6 4 
healthy control sera, is m.ar-oed by a dotted line m the figure. The experiments leading 
to the results shown m trie figure are described m further detail m Example 5. 

Detailed Descript io n Text (ID) : 

Two liters of BSK II medium oontainin:: apnr oximat ely I 0 . sup . 1 L cells of E. burgdorferi 

AT77 35210} m late log phase or growth were harvested by cent r i f uga t i ^n in a high 
speed Beckman J22 1 centrifuge at 9, C 0 : . times, g for 20 minutes at 20. degree. C. and 
washed once with TSM buffer. The resulting pellet, was resuspended m 10 ml of TSM 
buffer and placed on ice. After 15 minutes, 2.4 ml of 10% 

octy 1 - . set a . -D-glu ropyranosi de ; OGF ; Oalbioohem, San Diego, Calif.) in TSEA were added . 
The cell suspension was mouoate:; at } 7. degree. C. for 1 hour. The resultant cell 
lysate was centrifuged at 4 8 , 3 0 0 . t imes . g for 30 minutes at 20. degree. T. A clear OGP 
supernatant ( S3 7 ) and an OGP - ins ol uble white pellet ( P3 7 ) were obtained. The 
supernatant was then incubated at. 56. degree. 7. for 30 minutes. The floooulent white 
f re:ipitate IP56) formed a:ter the heating was separated f rom soluble constituents 
iS56) by cent.rifugat ion at 4 8 , 0 0 C . t lmes . g for 30 minutes at. 37. degree. 7. The original 
pellet (£37) was washed by resuspensnn m 10 ml of TSEA , oentrifuged at 4&, :00 .tines, 
g for 5 minutes and suspended in 10 ml of li sodium lauryl sarc:smate (Sarkosyl) in 
TSEA and intubated at 3 7. degree. C. f:r 1 hour and then at 2 0 degree. 2. for 15 hours. 
The ?56 fraction was treated in the same way as P37 . The P j 7 suspension remained 
opalescent, while rh P fr.^ : to:r cleared when incubated in Oarkosyl. Both fi^ti^ns 

were oentrifuged at 43,0 30 .times, g for 33 'iiinut.es at 25. degree. 2. There was a large 
translucent Sarkosyl -insoluble pellet (P37-p) and a clear supernatant (?37-s) in the 
D37 tube. In the P5 6 tube, there was no (discernible pellet; only the supernatant was 
saved. The P37 -s and P5b-s fractions were each dialyzed against 25% methanol m 
glass-distilled water at 20. degree. C. The contents of the dialysis Dags (Bethesda 
Research Laboratories) were Lyophilized, and ?3 7 -s and ?56-s fractions that were 
recovered were designated fraction F and fraction E, respectively. Fractim SS6 was 
passed through a 0.45 micron nitrocellulose filter (Millipcre Low protein binding 
filter) and then dialyzed against glass -d i. st l 1 led water at 4. degree. -7. The SS6 
precipitate that formed in the dialysis bag was recovered by centr if ugaticri 
(48,000 .times, g for 30 minutes at 2 5. degree. C). The water- insoluble pellet was 
designated fraction B and the wat er- sc lubl.e supernatant was designated fraction C. Both 
fractions were lycphi 1 1 zed . Fraction F3_7-p was resuspended m i: ml of 1% Sarkosyl in 
TSEA and incubated for 1 hour at 37. degree'. C. This suspension was then oentrifuged at 
4 8 , 0 0 0 . t lmes . g for 30 minutes at 25. degree. C. The supernatant was discarded. The 
pellet was resuspended m 2% SDS m TSEA and incubated at 05. degree. -7. for 30 minutes. 
The suspension was then oentrifuged ( 4 S , 0 C 0 . t lmes . g for 30 minutes at 25 .dearee. C). 
The pellet was designated fraction A and was washed in glass - di st i 1 1 ed water, whereas 
the supernatant (designated fraction D) was dialyzed against 2 5% methanol. Beth 
fractions were lyophilized. There were insufficient amounts of fraction A produced for 
extensive testing This fraction was therefore not used. 

r etailed Description Text (17): 

Seroloaic Test. Enzvme-Lmked Immunosorbent Ass a'/ (ELISA) 



Tate:? of 3. burgdorferi, th" SheCr r Island, 



subcultures of the Connecticut st ran 
Detailed Description Text CC : 



: : s ' ra i 



Serum samples from persons who had L yme disease, relapsing fever, vaws , or svphili: 
were tested against the who I*-, cell or f r<v. ■ t i one ^ f P. bu rude r f e r i ;u FLISA. The t «- ; 
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well; t: 3*6 -well, f lat-rcttc^ed, polystyrene plates iNunc, Denmark; . The positive 
control sera were from persons who had erythema migrans and who lived m areas endemi: 
for Lyme disease . After incubation for 13 to 2 3 hours at 37. degree. 3. :at which time 
tne wells were dry' , 2 Co . mu . 1 of O.E.% donor horse serum in PBS were added to eacn well 
to block nin ding sites not -evened with antigen. Plates were incubated for 1 hour at 
37. degree. C. and washed three times with PBS-C.Oo* Tween 2C. 

Detailed :>es:ripti on Text (26) : 

To determine cntr -, al regions for pes: tive test results, normal human serum specimens 
were screened against fractionated in=22-2T sera tested) ana whole cell preparations of 
B. burgdorferi (n = ."8 sera) The screening was performed for total immun og 1 ob il l ns and 
IgG. Tne results are listed m Table; 1. Average net absorption values Dor samples 
tested against the fraction:- ranoed from. 0.20 to 2 5 and from C .13 to : . 2 3 for serum; 
dilutions of 1:320 and 1:64-', respectively. In ELI DA with whole cell B. burgdorferi, 
cut-off values of -o 26 and -.l 7 were' rec or ced . Net abs orotic r. values for t ne positive 
control sera were usually : ois: ieraoly higner than those listed above, reaardless of 
the antigen used. 

Detai le d Description T ext 21) : 

Comparative analyses for- class-3pe:i tic Ig3 ant lboay revealed differences in 
specificity and sensitivity when sera were tested with tne fractions. The results are 
listed in Table 2. For example, of the 22 serum specimens from persons who had 
relapsing fever, yaws, or syphilis that reacted positively t: whole cells of B. 
burgdorferi, 7 (32-0 remained reactive t: fraction B. Only t - -r^ :f is samples from 
patients with syphilis or yaws were positive. In contrast, 30 (S'l*) of 33 specimens 
from patients who had L yme di_se.ase and homologous antibody to whole cells of 3. 
burgdorferi reacted positively to fraction B. The 3 samples that did not react to 
fraction B had relatively low antibody titers ( 1 : 34 C - 1 : 1 2 83 ) when tested against whole 
cells. Greater losses of sensitivity were noted in tests with the other fractions. 

Detailed Desc ri ption Text ;„8) : 

Serum specimens that were reactive m assays with whole cells of B . burgdorferi were 
reanalyzed m :las^- spe:if ic EL I SA with the fractions of B. burgdorferi to determine 
the variability of titration end points. The results are shewn in Table 3. Titers for 
2 3 sera differed by 2 fold or less ( r.= 1 B samples) cr by 4 fold ( n . 1 toreq . 1 1 ) when 
fraction & was coated to the solid phase. Titers for- the other two samples differed by 
8 fold. Titration end points for IE samples were usually higher in assays witn fraction 
B than with whole cells. In tests for reproducibility, antibody titers to fraction B 
differed by 2 fold or less -n=13 samples!, 4 fold (n=l), or by & fold (n-1) in the 
second trial. All 12 negative sera were likewise non-reactive m duplicate tests. When 
results for fractions 3, D, E, and F were compared to those of whole cell or to 
fraction B reactivity (Table 3), 3 or 9 sera, were considered positive, respectively. 
Antibody titers varied by as much as 3 2 fold. 

E'etailed O escr iption Text ( • : 6 ) : 

The procedure outlined in Example I for preparing cell fractions was repeated with 
different detergents in step a), comprising- the losing of 3. burgdorferi spirochaete 
cells. Fraction B was analysed for activity m EL ISA with different samples of patient 
serum. The different, detergents tested » • : ♦ Zwittergerit 3-13 and 

patient sera m B]l^ ! could i < .><■'•:. with Friction 3 n r < • r o : > • d with too- * ': u < • . . : : : : <o .' 
2eta; I^d [oooopto u 3'OC '- : 

'I ne experiments were: carried out subs t. an': la 1 ly as described in Example 1 aboooe on the 
section "Serologic test encynve - 1 i nhed immunosorbent Assay . EL I SA ) " . 

Detailed Description Tex t ( - 4 ) : 

Serum samples were obtained from 3 0 patient - with • • ) yt :o o.. t -do-on: -urn o.ouoons. The 
based cu whc-J. e eel 1 ant Luen have previ cuslo been pub 1 i shed ,2 . 2^ pat rent sera 
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sera from patients with serologically verified syphilis were also tested. 

Det ailed description Text ■; e c ' : 
Kh^SA Methodology 

1 1 r_u a 1 le ^ __P -script i on Text ( ? 8 ) : 

Tne sera included as negative controls showed little reactivity in tne ELISA. The 
cutoff value was 0 . 1 1 using a serum dilution of 1:510. This nay partly re due to tne 
antigen used, but may also depend on little exposure of individuals m Northern Sweden 
to B. burgdorferi. The use of these individuals shows tnat cress -reactivity to tne 
antigens in fraction B seems to be negligible. Despite this, the IgG antibody responses 
of previously Ecrre 1 1 a - 1 n f e o t ed individuals were similar to those recorded in tests 
with whole cell B. burgdorferi. Thus, this traction seems appropriate for serologic 
confirmation of the later stages of Lyme borreliosrs. In tne ELISA, forty positive Lyme 
horrel l osi s sera ( ?■ : low titer and 22 high titer sera) were assayed. The cutoff value 
in these tests was defined as the mean plus three standard deviations ( [ SD . t i mes . 3 ] + x ) 
for sera from 64 persons from Northern Sweden with no known exposure to Lyme 
r orrel l osi s . The results are seen m Table 4. Fraction B exhirited the highest, 
sensitivity and specificity m this ELI S A . Fraction B was further assayed witn sera 
from persons who had had other diseases; these results are shewn in Table c . Ten sera 
from patients with reactive arthritis and serum specimens which had shewn reactivity in 
tests for rheumatoid factor f4D sera), and Wassermann (1C sera} did not give any 
significant net atsorpticn m the ELISA based on tne B antigen. Among the sera 
d i srlay i no anr i -no. -Tear q ^ t ic r 1 1 y ( AM A -positive sera.) , two out c f 7~ { 2 \ ) hod a net 
absorption above the cutoff value. One out of 13 (15%) sera from m: nonuc 1 ec s l s patients 
exceeded the cutoff value in the ELISA. 

E'e t ailei De s cnp t i ■: n Tex t ( e 9 ) : 

(out of j D sera from early be rreliosis, 13 (43V) had a net absorption at eve the cutoff 
value in the B - E L I S A . All high titer sera had a net absorption greater than the cutoff 
va 1 ue . 



Detailed Peso rip 1 1 : n Text (129) : 

3£. Bergstrom, S. et al., Molecular analysis of linear plasmid encoded major surface 
proteins OspA and OspE , of the Lym e disease spirochaete Eorrella burgdorferi , Mc-leoule 
Microbiology (1989) 3 (4 ■ , 479 -486." 

Let a iled lescrip t i on_Text ( 143 ) : 

l : 2. Voller et al. , The Enzyme Linked Immunosorbent Assay (ELISA), 19 7 9, Dynatech 
Europe, Borough House, Guernsey. 

E e ta iled Descript i_: n _Text ( 1 b 0 < : 

Shresta, M. # Grcdzicki, F: . L., and Steere, A. C. : Diagnosing early Lyme disease. 
Am. J. Med., 195 5, 73: 2 35 -240. " ' ~~ ~ 



E 'etailed De scriptrcn Paragraph Tabl e ( 1 ) : 

TA3LE 1 Reactivity cf normal human serum samples with whole cells or frac- tions o 

burgdorferi m FjLISA Total immunoglobulins IgG Prote- Critical regi- Critical regi 

' :u dilutions of «.iens . mu . a. red . sup . h tested 1 : ^ 2 . . sup . o 1 : ' 4 • . sup . c t es t ed 1 : 2 . 



f B. 



s olid phase . s u p . c N e t a b s o r b a n c e oo h 1 u e 



,f ''\i;:u critical reaion 



s idered no si t i v< 
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disorders. . sup.d One sample reacted tc whele cells and fraction; 
was depleted before being screened against: fractions, E, D and ?. 



1 : 



r;:;:. 



Detailed D escnpt-iDn Paragraph T able : 

TABLE 1- Reactivity of serum samples from persons 



/me disease 



. ions : t a . 



bu r ::d or f er i 



nticca',' riecior' 



c whole- cell or 

1 TaG antibody 



titers, sup a Pa- while Fractions tient.sup.n cell B C E D F ST) 20,430 20,480 20,460 
',120 640 r ,120 MP 1 0,240 1,2 S0 N . sup . re N N 0,120 PD 13,240 2 C,480 1,280 2,060 020 
1,2 30 PP. '1,12 0 2 0,4 80 320 1,2 -1 1,200 •; KZ r ,12 1 20 
0,12 0 10,241 2,500 4 : 2,560 20,400 BB 2,561 5,120 1, 
E,123 2, Si: N N rW 1,2 30 5,12 1 N 1,230 64 0 64 0 FM C4C 
1,23 0 G40 :; N 64C JE 34C N N N 1,2 80 N .sup. a N = Negative (-,1:160) . sup . b Persons had 
erythera miarans and one or more Titer mam f es tat i ons of Lyme disease. 



230 320 £40 2,560 FM 1,260 10,240 
2,560 5,12 3 2,560 N 11 JW 640 



Tetailed Oe script i j;\ Paragraph Table :4) : 

Number of t ositive m EL I SA P.itier.t serurn (n; OGP DGP 3-10 Normal individuals (4) 0 0 ( 
Rheumatoid factor (4) 0 0 0 Anti. nuclear antibody (2) 0 0 0 Wasserman positive (3) 0 0 

0 Borrel 1 1 :: sis (3) 3 3- 

Detailed Po ser ipt . i or. Paragrap h Tab le o): 

TABLE 4 Reactivity of Borrell^t serum -dilution 1/200; m early and late stage with 
fractions of B. burgdarfen m ELTSA Fractions 3 D E A.sub.4]3 A. sub. 405 A. sub. 405 
Serum x . ♦ . SD * pes. n x . + •• . SD r pos . n x . f - . SD h pos. n Early 0.23 . + -. 0.18 55 

1 C •; 1 3 ) 0.2 2 . + j. 15 2C • M c : ■ rr,7 ♦ •- . 0.13 1 13 2(11) eta-::- Lr.c 1.260 . + . 3.33 ICC 
ll'lO) 0.2- . + -. j. 19 63 "2(11 t 0.22 0 . ) 93 11 1(9) stage" 

2 eta l led Descr iption Paragra ph Table- ( 6 ) : 

TABLE 5 Specificity of B. burgdorferi tract Lon 3 measured as reactivity of various 
patient serum samples in EL I ST* No. of serum Cross reactivity Serum samples tested No. 
'%} Rheumatoid fa:tcr 40 :; [C' Anti-nuclear antibody 70 1 (1; Wassermann positive 10 0 
t0) Syphilis 90 ( C ■■ Reactive arthritis 10 0 (0) Mcnonucleosis 13 1 (8) 

■Other Reference Pub L icat i :n (8) : 



Dunn, J. John et al . "Outer Surface Protein A (OspA) from the lyme Disease Spirochete, 
Forrelia burgdorferi: high level expression and purification cf soluble recombinant 
form of OspA", Protein Expression and Purification, vol. 1, pp. 159-168 (1990). 

Other Re ference Publication (10) : 

Fraser, Claire M et al. "Genomic sequence cf a Lym e disease spirochaete, Borrelia 
burgdcrferi", Nature, vol, 390, Dec. 1997, pp. 580-586 . 

"ther Reference Publication (20) : 



Ochs, Ridgely: "Vaccine takes aim at lyme disease, Newsday Jun . 16, 1997, and Results 
are in on 2nd Lyme Vaccine" Newsday Jun, 17, 1997. 
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consisting ot is o leucine ana alanine. 

11 The Lyme d is ease vaccine of claim ? wherein said signal peptide has a C- terminal 
region containing an amino acid sequence L-I-x-C wherein x is a n on - charged amino acid 
res 1 due . 

12 The Lyme di s ease vaccine of claim 11 wherein >: is alanine. 

13 The Lyme dise ase vac trine according to arc/ one of claims 5 to 7 wherein said 
substantially pure ospA protein of Ecrrelia burgdorferi includes an ammo acid sequence 
( I .' L) - x- x-x -x - ( I / L ) - x - L -A- L - I - x - Z wherein x is a non-cnarged amino- acid residue and 
(1,'L) denotes an amino aoid residue selected from the group consisting of isoleuiome 
and 1 euc i ne . 

14 The Lyme dise ase varrine according to any one of olaims 5 t :■ 7 wherein said 
substantially pure OspA protein of Borrelia burgdorferi is a 1 lpoprote l n . 

IE! The Lyme dise ase vaccine of dam 14 wherein said substantially pure OspA protein 
of Borrelia burgdorferi has a fatty aoylated cysteine as a first ammo acid. 

16. The Lyme disease- vaccine acc :rdmg t o any one of claims 5 to 7 wherein said 
substantially pure OspA protein : f Borrelia burgdorferi contains an amino acid sequence 
selected from the group consisting of: Lys -Gly- Lys - Asn- Lys -Asp, 

Ser-Lys - Lys - Thr - Lys - Asp a-.d Lys - A 1 .=i - A: ? p- Ly? -Ser- Lys . 

17. The Lyme diseas e vaccine of claim 5 wherein said DNA has a nucleotide sequence 
encoding an amino acid sequence shown in FIG. 5 fir the 31 kd substantially pure OspA 
protein of the New York strain B21 (ATCC 35210) of Borrelia burgdorferi. 

15 The Lyme disease vaccine of claim 5 wherein said substantially pure OspA protein is 
the 31 kd OspA protein of the New York strain 331 (AT ZC 35213) of Borrelia burgdorferi. 



IS. The Lyme disease vaccine according to any one of claims 1/ or 18 wherein said 
substantially pure OspA prctein of Borrelia burgdorferi is a lipoprotein. 

2C A Lyme disease vaccine comprising a p'ha rmaceu t i ca 1 1 y acceptable carrier and a viral 
vector; said vector ccnsistmg essentially of DNA encoding substantially pure OspA 
prctein of Borrelia burgdorferi; or an immunogenic fragment thereof, whereby said viral 
vector expresses substantially pure OspA pr otem :f Borrelia burgdorferi or an 
immunogenic fragment thereof. 

21. The Lyme disea se vaccine :f claim 20 wherein said EiNA encodes substantially pure 
OspA protein of Borrelia burgdorferi. 

22. The Lyme disease vaccine of claim 20 wherein said E)NA encodes an immunogenic 
fragment of said substantially pure OspiA protein c>f Borrelia burgdorferi. 



recc^n i t : on sequence . 

sa id substantially pure OspA protein of Borrelia bu rgdo r f e r i is c 1 eaved at. this site m 
the expressing of said DNA. 

25. The Lyme di sease vaccine of claim 2-j whe. rem said c is selected from the group 
consist : ng of : so O-u ::.<■• and .ilco:.". 
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(I/L) denotes an amino acid residue selected from the qr^up consisting of iscleucine 
and leucine. 

29. The Lyme disease va::me according to- arc/ one of claims 20 to 22 wherein said 
substantially pure OspA protein of Borrelia burgdorferi is a lipoprotein. 

30. The Lyme diseas e vac :ine of claim 29 wherein said substantially pure OspA protein 
of Borrelia burgdorferi has a fatty actuated cysteine as a first amine; acid. 

01. The Lyme disease vac tune according to any one of claimis 20 to 22 where in said 
substantially pure OspA protein of Borrelia burgdorferi contains an ammo acid sequence 
selected from the group consisting of: Lys-Gly-Lys -Asn- Lys -Asp, 
Ser-I,ys-Lys-Thr-Lys-Asp, and Lys-Alo. Asp ' Lys - her - Lys . 

0 2. The Lyme disease vaccine of olaim 20 wherein said DNA has a nucleotide sequence 
encoding an amino acid sequence shewn in FIG. 5 for the 3 1 kd substantially pure CspA 
protein of the New York strain B21 (ATCC 35210) of Borrelia burgdorferi. 

33. The Lyme diseas e vaccine of claim 20 wherein said substantially pure OspA protein 
is the 31 kd OspA protein of the New York strain B31 (ATC2 3E210) of Borrelia 
burgdorferi . 

34. The Lyme disease vaccine according to any one of claims 32 or 33 wherein said 
substantially pure OspA protein of P.orr^li^ burgdorferi i= a lipoprotein. 

S5. A diagnost ic agent for the diagnosis of Borrelia burgdorferi infection in humans or 
animals, the agent comprising an isolated DNA molecule homologous to an isolated DNA 
molecule as claimed m any one claims 1 or 2 or 3 or 3 encoding an immunological active 
component from Borrelia burgdorferi. 
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B r_ie_f Su mmary Text ( 2 ) : 

This invention relates to f lage 1 la - 1 ess strains of Borrelia and m particular, Borrelia 
burgdorferi, and to novel methods for use of the microorganisms as vaccines and m 
di agn ostic assays, particularly for Lyme disease. 



Brief Summary Text (4) : 
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well -characterized, and the 



t emp e rature 

sen 

et it logic agent, the spirochete Borrelia burgdorferi, has 
been isolated (reviewed by Steere, 198^) . Borrelia burgdorferi enter's the host ' s 
vascular system from the tick bite site and then is distributed to different organs and 
tissues, including the brain and joint synovium. In these different tissues the 
microorganism can persist for months to year's. The properties of Borrelia burgdorferi 
that confer invasiveness m the human and other mammalian hosts have yet to be 
completely identified, although the flagellum has been implicated m pathogenicity. 
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be administered as a live vaccine. Moreover, the organism may be used ir. immunoassay , 
alone or in conjunction with a flagellated strain, without the complications of the 
potential contribution of autoantibodies or antibodies cross - react ive with bcrrelial 
fl.agella resulting from immunogenic exposure to non - sorrel i a 1 flagella. 

Brient S ummar y Text ( IC } : 

Although a preferred embodiment of tue invention is directed to Eorrelia burgdorferi, 
the present invention encompasses any flajella-less strain of a mi cro::raanisni re longing 
to the genus Borrelia. Accordi ng 1 y y with the aid of the present disclosure, 
f 1 agel la - 1 ess mutants of other Eorrelia species, e.g., B. conacei , wmch causes 
epidemi: bovine abortion, B. anserma, which causes avian spirochetosis, and B. 
recurrent is and other Borrelia species causative of relapsing fever, such as Borrelia 
hermsn, Borrelia turicatae, Borrelia duttoui, Borrelia persica, and Borrelia 
hispanioa, can be prepared and used in accordance with the present invention and are 
within the scope of the invention. Trtus, the invention includes a culture of the 
f 1 agel la - less borreliae, a composition of matter comprising a substantially pure 
preparation of a f 1 age 1 la - 1 ess strain of such a microorganism, and a composition of 
matter comprising a purified preparation of an tigens derived from a culture of a 
f 1 agel la - less strain of such a microorganism. 

Brief Summary Text (17): 

Also included is an im munoas say procedure for detection of Eorreli.os.ic;, i.e., infection 
with borreliae, comprising obtaining a biological sample, such as a sample of a bodily 
fluid, such as blood. .^Rrnm ( plasma, urine, or synovial or cerebrospinal fluid, fxuiu ctn 
individual to be tested, contacting the sample with an antigenic preparation derived 
from st culture of a selected f 1 agel la - less strain of borreliae under conditions 
suitable to allow binding between the ant i gens in the preparation and 
be rrel lae - react ive antibodies in the sample and detect mo the binding. 

Bri ef Summary T ext (18) : 

Sc called "agglutination" assays may be used in accordance with the present invention. 

In one example, a "latex agglutination" assay, the antigenic preparation is adsorbed or 

chemically coupled to a particle, such as a latex bead, and particles rearing the 

ant l gen are agglutinated uncier conditions wmch allow crcssl inking of ant lgen molecules 

on disorete particles by ant i body -an t lgen complex formation. Alternatively, the 

antigenic preparations can be used in a so- called " microagglu t i nat i on " or 

" f lccculat ion" assay, where clumps of ant i gen -antibody complexes are observed directly. 



Brief Summar y Text ( 19) : 

In another embodiment, the l nr. munoass ry ma-/ comprise what is known to these of skill m 
the art as a competitive immune assay , m such an asseiy binding is detected by adding a 
preparation of labeled antibodies reactive with a selected f lagel la - 1 ess Borrelia 
strain to the contacted sample and measuring binding of the labeled antibody to the 
antigenic preparation. Because antibodies in the sample will compete with the labeled 
antibodies for antigenic epitopes in the a ntigen preparation, binding cf the labeled 
antibody will be inversely proportional tc the concentration of antibody m the sample. 



Alternatively, t lie l mmunoassay pro.-'-: 3u re may be- an immunoassay w:;e> 

and the antibodies in the samples and measnnuu the amount of the labe 
b o u n d to t h e a n 1 1. q e n - b o u n d a n t i b o d l e s . 



led autibodv 



Brief S ummary Text (21) : 
Any o f a numbe r of differ- e 
us* - ' in immunoassay may : < • ' 
labels, fluorescent labels 



lab' 



ait 1 



Record 1 )ispl;i\ l'orni 



http u cstbrs Si m C bin iiatc c\c"t Joel A: . .KWICAip Joe 2 A:p Joe *Vp Joe 4 A:p Joe 



Brief Summary Text ( 22) : 

The invention also includes procedures for detecting ant ibcdies capable cf binding tc 
non - f lagel lar antigen s :>f microorganisms cf a selected Borrelia species, preferably 
Birrelia burgdorferi. These procedure comprises obtaining a sample to be tested for the 
antibodies, contacting t he sample with an antigenic preparat l :>n , derived f r Dm a culture 
of a f lagel la - less strain :f the selected Borrelia species, urder conditions suitable 
t :■ allow binding bet.weer. the ant lgens m t hie preparation and : ne antibodies, and 
detecting the binding. In 3 pref erred emocul 1 ment , tne immunoacsay will comprise a 
solid-pnase immunoassay pr: oedure for detecting antibodies oapable if binding to 
non- f lagel lar ant 1 ge ns if a selected Borrelia species. That assay oimprises 
immobilizing an antigenic preparation derived from a cilture of a f 1 a gel 1 a - 1 ess strain 
of the Borrelia species :: n a solid matrix, contacting the- immobilized preparation with 
a sample to be tested for tne presence of the antibodies under- conditions suitable to 
allow binding between tne ant 1 g ens in tne preparation and the antibodies, separating 
antibodies bc>und to the; immobilized ant 1 gens from tne remainder of the sample, and 
detecting tne ant igen -b o^n d antibodies. Also included is an additional solid-phase 
lmrnunoa ssa y for detecting antibodies capable of binding to non - f 1 agel 1 ar antigens of a 
selected Borrelia species comprising obtaining a sample from an individual to* be 
tested, immobilizing antibodies present m the sample on a solid matrix, separating the 
immobilized antibodies from tne sample, contacting the imm:bi 1 lzed antibody with an 
antigenic preparation derived from a f 1 a ge 1 1 a - 1 ess strain :f tne selected Borrelia 
species under conditions suitable to alliw binding between the an tokens m the 
Drer-a rat i o- ar.H t- h» antibodies and detect ir:- the ant 1 2 on bound antibodies. W i : 



method, the antibodies are detected by contacting the a nt 1 gen - bound antibody with a 
detectably labeled antibody capable of specifically banding t: the ant igen-bound 
antibody under conditions suitable to allow the binding tc occur. 

Brie f Summary T ext 12 4) : 

The invention also includes a number :f ,<its for immun z assay . Such kits may comprise, 
for example, a carrier compartmentalized to contain one cr more containers, and a first 
container containing an antigenic preparation derived from a f lagel la - 1 ess strain of a 
selected Borrelia species. In one embodiment, the antigenic preparation may be provided 
immo ball zed on a solid phase, such as a mi 0 rot iter well or latex bead. The kit may 
further comprise a second container comprising a preparation :f antibodies reactive 
with the ant lgen s rn the antigenic preparation, and/or a third container containing a 
detection reagent. 

Brief Summa ry Text (25) 

The invention includes vaccines for Borreliosis and vaccination procedures. Vaccines 
according to the present invention may comprise, for example, an antigenic component 
derived from a culture of a f lagel la - 1 ess Borrelia strain and a pharmaceutical ly 
acceptable carrier. As with other aspects of the invention, tne vaccine can comprise 
any cf a number cf selected Borrelia species, including but not limited tc 3. ccriacei, 
for prevention of epidemic bovine abortion; B. recurrentis, 3. hermsn, 3. turicatae, 
B. duttoni, B. per si ca , and B. hispanica, for prevention cf relapsing fever; and B. 
anserma for prevention of avian spirochetosis. Preferably, however, the vaccine will 
b e preventati v e of Lyme dis eas e in w h 1 c h case 1 1 w ill include a n anti a e n 1 c c o mp one n t 

B r 1 e f S u mm< * r v Text '.2 '.: ■ 

r 1 rd to a mi 0 rco rga: . 1 sm : 1 • 1 g to ' : . • • : en . . B 0 rre 1 :. a o:v: : adm: u : s t e r : no an 

will appreciate, a number cf mammals are infected with or are carriers c: Borrelia 
pathogens and thus the invention is not limited by a particular mammal, to be miected 
with the vaccine de raved from a particular Borrelia species. However, preferred 
combinations are those most likely to elicit control or Dreventior: cf a commercial Iv 
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detailed ues :r ipt i o n Text ( 3 ) : 

The f 1 age 1 la - less B: rrel la strains of the present invention may he advantageously used 
in immu ne assay procedures cr as vaccine components. 
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Immunodetection reagents and processes suitable for application m connection with the 
novel compositions of the present invention are generally well known in the art. 

Detailed DescriDtion Text ■;:?): 



The f lagel la- less torrehae :>f the invention may also be effectively used as vaccines 
t: prevent Borreliosis, ani hyme disease in particular. In general, immunogenic 
(.-impositions suitable for acl'iiinistration as vaccines could be formulated to include the 
i 1 agel la - 1 ess borreliae, whole cell lysates thereof, or purified antigenic preparations 
derived from the f . agel la - 1. ess rorreliae. Typically, such vaccines are prepared as 
i n j ect abl es , either as liquid solutions or suspensions, although solid forms suitable 
for solution in, or suspension m, liquid prior to injection may also be prepared. The 
preparations may so be emulsified. The reactive immunogenic ingredient i= often mixed 
with excipients which are pharmaceutical!'/ acceptable and compatible with the active 
ingredient. Suitable excipients are, for example, water, saline, dextrose, glycerol, 
erhanol, or the like and combinations thereof. In addition, if desired, the vaccine 
could contain minor amounts of auxiliary substances such as wetting or emulsifying 
agents, pH buffering agents, or adjuvants which enhance the effectiveness of the 
vaccine . 

b>-t.a l 1 ed Descript io n Text ( 1 \" ) : 

The antige ns can roe formulated into the vaccine as neutral or salt forms and 
administered in a manner compatible with the dosage formulation, and m such amount as 
wlII be therapeutically effective and immunogenic. The vaccines may be conventionally 
administpr^H n=i r-^n t pra 1 ly / by m-ect ion, for example, oithcr subcutaneously or 
i ntramuscu larly . Where a live vaccine is used, preferred mcdes of administration are 
subcutaneous and intradermal injection. Additional formulations which ore suitable for 
other modes of administration, may include oral cr intranasal formulations, The quantity 
to be administered will depend or. the subject to be treated, capacity of the immune 
system to synthesize antibodies, and the degree of protection desired. Precise amounts 
of active ingredient required to be administered will depend on the judgment of the 
practitioner and may be peculiar to each individual. However-, suitable dosage ranges 
may be on the order of 0.01 ug to 10 mg , and more preferably 1 to 10 3 ug active 
ingredient per kilogram of b : dy weight. Suitable regimes for- initial administration and 
booster shots will also be variable, but may be typified by an initial administration 
followed by subsequent inoculations or other administration.?. 

retai le d Descripti o n Text [ 1 \ ) : 

In many instances, it may be desirable to have multiple administrations of the vaccine, 
at from two to twelve week intervals, more usually from three to five week intervals. 
Eenodic boosters at intervals of 1-5 years, usually three years, will be desirable to 
maintain protective levels ot the antibodies. The course of the immunization may be 
followed by -assays for antibodies for the antigens as described above. 

De tai le d Description Text ■ } 2 ) : 

Even with long exposures, full length or truncated flagellm protein was not 
detectable Western blots with polyclonal rabbit antisera to Borrelia burgdorferi and 
Ly me disea se patient sera confirmed that M cells appeared to differ from W and R cells 
only m the absence of a major antiaen of approximately 37 -:Da (data root shown; 

r » ■ t. a i 1 ed D<- script ion Text ' : 

A. though: the absence of t 1 a ok-I 1 i n v:; : Ion : he . *e 1 1 s - the no. -.r t i I mutant vo t s 

unlikely, because even transiently associated flagellm should have been detectable in 
the cells by Western blot. Nevertheless, this alternative explanation was tested by 
intrinsically labeling the different isolates with .sup. 35 S -met hion i ne durina urewth 
and then examining the supernatant, for evidence of i mmuncreac 1 1 ve flaaellm 
pc 1 ypept i des or pr-pt :de f ra .iroent s I v :;:oi;u:;ph'hp:t </ ;cu. 7;/- stuck/ Tin not dete.-t * h" 
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Le tai 1 e d Description Text ( 4 o ) : 

The enzyme - 1 i nked lmniunoabs: rbent assay [ ELISA ] using whole rells of Borrelia 
burgdorferi was a 'tic di f l oat l <: n of the method of Kagnarel 1 l et al . (Magr.arel 1 i 
Anderson, 135-) . Harvested roireliae were suspended m PBS -'Kg and an estimate 
cellular protein m the suspension was made using the Bradford assay (Buo-Rad 
Laboratories, Richmond, 3al.if . ) . 
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In additional studies, rats were immunized intramuscularly with 20 . nvu . g total protein 
of borreliae in complete Frejnd's adjuvant. After 6 weeks, the rats were bled and their 
serum was analyzed by EL I S A , essentially as described above. The results of this 
experiment snown in Table 3, indicated that immunization with M cells induced a 
significant immune response against W cells. 



Detailed Desc ript i on Tex t [G?) : 
As shown, serum from immunized rats, even at 
neutralizing B. burgdorferi. Trvus, when u?ed 
were as effective as f lagel la - bear mg (W) eel 
burgdorferi as determined by ELISA and by arc 



a dilution of 1:3,030 was capable of 

to immunize rats, f 1 agel la - 1 ess (M) cells 

Is in eliciting antibodies to B. 

w t n i n h i b 1 1 i c n assay. 



Icetai led D es cnptLin Text (72) : 

For example, numerous methods for immuno assay may be used. In addition, variations in 
vaccine preparat ion may be employed . It is apparent that the invention may also be 
utilized, with suitable modifications within the state of the art. It is the Applicants 
intention in the fillowmg claims to cover all such equivalent modifications and 
variations which fall within trie true spirit, and scope of the invention. 

E e t ailed E' es_c euj: >ti_ : n_ Te_7ot ( 7 ~> ) : 

2. A. G. Barbour, Isolation anc cultivation of Lyme disease spirochetes, Yale J. Biol. 
Med. 19 34; 57:521-5. ~^ 

E'etailed Descrip t i r. Text ( t 7 * ) ■ 

3. A. G. B-arbour et al . , Antibodies of patients with Lyme disease to components of the 
Ixodes dammar, l spire chete, J 71m. Invest. (1933a); 72:504-15. 

Det ailed Description Text ( 6 1 ') : 

C: . A. G. Barbour et al . , Heterogeneity of manor proteins in Lyme di sease borreliae: a 
molecular analysis cf North American and European isolates, J. Infect. Dis. 1985; 
1 5 2 : 47 3 -84 . 

D etailed rescript i : _n_ _ Text ( S 2 ') : 

7. A. G. Barb cur et al. , Variation in a major surface prctem of Ly me disease 
spirochetes, Infect. Immun. 1934; 45:94-130. 

E'e tail ed Peso r ipt i : n Text ( &>5 1 : 

11. J. L. Benach et al., spirochetes isolated from the blood of two patients with Lyme 
d i sea se, N . Sng 1 . J . Med . 19 3 3; 303:740-2. ~" 

Detailed E i e scrip t_i ■: ■ n__ Text ( 5 ' 7 i : 

12. B. W. 3erger et al., Lyme diseas e is a spirochetosis : a review of the disease and 
evidence for its cause, Am. J. Dermat olpachol . 1933; 5:111-24. 

E eta i led E'esc rip t ion Text ( 92 i : 

17. C. A. Oiesielski et al . , "The gecgraphic distribution of Lyme disease in the United 
States; In: Benach and Bosler (eds.), Lyme Disease and Related Disorders, vol. 539, New 
York, The Mew York Academy of Sciences. 1 ? 8 S~7 233-3. 
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a Barrel la burgdorferi i mmu n o d o m i n ant 6 0 - k i 1 cda 1 1 on a nt ig en common to a wide ranqe of 
bacteria, Infeot. Immun. 193Sa; 56:234^-^3. 

Det ailed Description Text , 1 C 5 ; : 

30. K. Hansen et al., Measurement of antibodies to the Borrelia burgdorferi flagellum 
i mp roves serod i. agnosi s l n Lyme disease, J . CI l n . M l c rob loi 1 9 8 8 ; 2 6 : 3 3 8 -46. 



Pet-ailed Des cnpt i :n Tex t ( 1 1 ^ 1 : 

42. L. A. Magnarel 1 i / Serologic diagnosis of Lyme disease, In: Eenaob and Bosler 
( eds . ■ ; Lyme Di sea se and Related Disorders, vol. 535, New York, The New York Academy of 
Sciences, 19S8 fl54 : 61 . 



retailed D escri pti o n Tex t (124; : 

45. L. H. Sigal ana A. H. Tatum, IgM in the Sera of Patients with lyme Neurologic 

Disease Bind t. c Cr oss - react, l ng Neuronal and Borrelia burgdorferi Ant iaens , Ann. NY 
Acad. Sci. 539:422-424 (1988). — - 



h 1 -jL ^IrJrJ :LJ= ' e 3cr I P t 1 :n Text ( 12 5; 

SC. G Stanek et al., "European Lyme Borreliosis, In: Benach and Bosler (eds.), Lyme 
pi_s_^_s_e and Related Disorders, vol. 5 3 9, New York, The New York Academy of Sciences, 
lit 8 3 : 2 74 - 82 . 



L'etai led Description Text ■! 1 2 5 ! ■ 

c 4 A r ,^^PPr« et al . The spirochetal eticliqy of Lyme disease, N. Lnql . J. Mec 
1983; 308:7.33 -40. " 

Detai led Descriptic n Text ( 1 3 0 t 

SB. A. C. Steere, L yme disease, New Engl. J. Med. 1989; 321:586-596. 
D etailed Description Text ( 13 2) 

57. D. D. Thomas and L. E. Ccmstock, Interaction of Lyme disease spirochetes with 
cultured eucaryoti: cells, Infect. Immun. 1989; 57:1324-6. 



Detailed Description Text (13 3) 

58. R. Wallich et al . , The Bcrrelia burgdorferi f lagel lum- associat ed a nt lgen 
(flagellm) : molecular cloning, expression, and amplification of the gene, Infect. 
Immun 19 90, 53:1711-1715. 



Det ailed Descriptio n Par agraph Table (3) : 

TABLE 3 " ELI SA Test With Serum Diluted 1:1,000 

Absorbance Rat # Immunogen ELI SA antigen Value _____ 1 

W cells W cells 0.713 M cells 0.727 2~W cells W cells 0.592 M cells 0.629 3 M cells W 
cells 0.555 M cells 0.449 4 M cells W cells 0.589 M cells 1.082 5 Adjuvant alone W 
cells 0.010 M cells 0.014 6 Adjuvant alone W cells 0.015 M cells 0.013 
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D :> CUM E NT - I D E NT I F I E R : US 3 6 0 ■ 
TITLE: Flagella- less borrelia 



Ah i s tract Text 



This invention relates to flag 
use of the microorganisms as v 
enib odi merit of the invention is 
encompasses £ lagel la - I ess stra 
B:rrelia. Accordingly, with th 
Borrelia species, e.g., B. :or 
ansenna, whicn causes avian s 
species causative of relapsing 
Borrelia duttoni, Borrelia per 
accordance with the present in 
Therefore, a preferred embodinv 
substantially pure preparation 
to the genus Borrelia. 



. o novel methods for 
although a preferred 



ella-less strains of Borrelia and 
accmes and m diagnostic assays. 

directed to 3orrelia. burgdorferi, the present invention 
ins of other mi c r r :ia ni sms belonging to the genus 
e aid of the disclosure, f lagel I a - less mutants of other 
lacei, which causes epidemic bovine abortion, B. 
pir ochetos is , and E. recurrent is and other Borrelia 

fever, such as Borrelia hermsn, Borrelia tuncatae, 
sica, and 3orrelia hispanica, can be prepared and used in 
vent i on and are within the scope of the invention, 
ent comprises a composition of matter comprising a 
of a strain of a f lagel la - less microorganism belonging 



Brief Summary Text (2) : 

This invention relates to f lagel la - 1 ess strains c 
burgdorferi, and to novel methods for use of the 
d iag nzs tic a s s a y s , particular 1 y f o r Lyme diseas e , 



■f Borrelia and m particular, Borrelia 
microorqanisms as vaccines and in 



B:ri 
Lyme 



e disease 



lat i t 
well - 
been 
vascu 
1 1 ssu 
micro 
that 
compl 



a common tickborne infection of the northern hemisphere's temperature 

udes. The clinical features and epidemiology of Lyme disease have been 
characterized, and the etic logic agent, the spirochete Borrelia burgdorferi, has 
isolated (reviewed by Steere, 198='} . Borrelia burgdorferi enters the nest ' s 
lar system from the tick bite site and then is distributed to different organs and 
es, including the brain and icmt synovium. In tnese different tissues tne 
organism can persist for months to years. The properties of Borrelia burgdorferi 
confer invasiveness m the human and other mammalian hosts have yet. to be 
etely identified, although the flaaellum has teen implicated in Da t hoqen l c l tv . 



arthritis, rad o -u 1 cpa t ny , or ext rer:.e chronic fatigue as Lyme : : o< • ,s< • . : : * :.<• o;:.; -/i! 
impression is cent irmed by specif ic diagncst ic assays, appropriate ant ; :r. i crobi al 
therapy may reverse icng - standing pathologic ch^n^^s . "i,tortunately, physicians are 
often frustrated in this process by the inadequacies of currently available diagnc st l c 
procedures . 



r r i e - sun, ma ry \ ( -:-\* c : 

Keco-ery of. i • . :!>•.:,; : :.r : : <•: i : rem r c : 
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stain reveais spirochetes one-ha^f cr mere of s-;:r. biopsies :ct:a:r.ea t ror:', the :i;:er 

portion of lesions (Duray, 1S8~; Berqer, er. al . , 19S3; . The microorganisms are 
comparatively sparse, however, and can be contused with normal s-iir. structures by 
inexperienced h::orat:ry personnel. Immunchi st clog i c examination or tissue with 
nicmcltnal and pciycl cnal antibodies has also been used successfully to show the 
presence of cor relive, out there is less expenerce with this technique than with the 
silver stains. ( r a r , et a I . , 1 9^' . 

F r gg^f_ ^ u n m l a ry T e x t ■ S ) : 

Cases not meeting the strict cl i:u:al and epidemi clcgic criteria f cr diagnosis have 

also been identified as Lyme disease by using a serologic test, usually an 

enzyme - 1 i nke d immun os or bent assay { Eh I SA) or in -direct immunofluorescence assay {I FA). 

Altht'Ugh many public and private laboratories now offer either E b I SA or IFA, the 

procedures f:r these assays have not yet been standardized . Trie ant loeoi preparat i ens 

and the "out -off" values for a positive test, vary among laboratories. Significant 

i nt erlaborat : ry variations m test results and m l nt e rp ret a t 1 oris -of the same set of 

sera, have reen reported (Hedberg, et al., 1?67) . 

bri ef Summary _Teic-^ 1 9 } : 

Many present immunoassays use wriole spirochetes or a crude sonicate of the cells. 
However, those assays suffer from complications resulting from cross - react ions with 
ether spirochetes, especially Treponema palladium and one relapsing fever' Borrelia 
species (Magnarelli and Anderson, lo88), and borderline or low-level positive titers in 
some patients with other r v , enma - o 1 -n i r< or teorolcci c disorderc. Eccoucc o:f increasing 
p-ro f essic na 1 and lay awareness of hyme disease, seroloqi : testing is often requested to 
"rule out" the diagnosis. In this situation, the ratio of persons with false-positive 
reactions compared with those who nave actual Borrelia burgdorferi infections will 



may be subjected to bong and p oss Id ly hazardous courses :f oral or parenteral 
antibiotics. A mere specific diagno stic assay for 3. burgdorferi is needed. 

E r i e f S ummary Text (. 1 Z ) : 

Although several investigators have suggested use of an immunoassay using a purified 
flagella protein ant icpen L there are problems with this approach. For one thing, it has 
recently been shewn that a monoclonal antibody directed against the ma] or flagella 
protein of Borrelia burgdorferi also- recognizes human tissue, including myelin and 
Schwann cells from the peripheral nervous system (Sigal, et al., lo83; Aberer, et al . , 
1?39) . Autoantibodies against neural ant ig ens have been observed in tne serum of 
patients with Lyme oils ease . These findings suggest that autoreactive antibodies may 
complicate interpretation of immunoassays that use purified flagellar ant iaen or whole 
cell sonicates containing flagella a nt, lgen . Another problem with the use of 
preparations containing the flagellum by itself or in coobmati on with other components 
is that there may hie false positive reactions as a consequence of antigenic 
similarities between the flagella o>f borreliae and the flagella of other bacteria. 

br ief Summary Text ill): 

The discovery that flagellar ant lgens may induce formation of antibodies reactive with 
human neural tissue provides an additional problem with respect to development of a 
vaccine against '. .yo • Disease. I nt ernat :onal Tate: Arp 1 : cation hh: . WC ? ' -4 •< 1 1 , 
published coat • , lo -. describes a method tor prepiiinu : r a c : : . . o: h ]]>■.:■, 
i urgdorf r : : n who cr. t he flagellar ccmpone: t s ar<- at omC r;a rti ill y tier 1 et ed . H::w«c" r , 

antigen and may thii: induce an undesirable auto immune response. In addition, because 
flagellated Borrelia is virulent, the cells must re killed prior to administration, 
thus reducing l mmuncgeni c l ty . Because the flagellum is an important virulence factor of 
the organism, development of a f 1 age 1 1 a r - 1 ess strain could provide an ideal approach 
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virulence of the organisr.,, the vaccine cf the present invention is lixely tc be safer 
than whole ceil Borrelia burgdorferi preparations described in the past, and thus may 
be administered as a live vaccine. Moreover, the organism nay tie used m immunoassay, 
alone or in conjunction with a flagellated strain, without the complications of the 
potential cent rib^t ion of a ut :• - ant ibcdies or ant locdies cross - react lve with bcrrelial 
flagella resulting from immun: uem c exnesore to r;:r. - oor rel i a 1 flari^ 



Br i e_f S_ummarv Jext 15) : 

Although a preferred embodiment cf t ne invent ion i ^ directed to P. or re 1 la ourgdo r f en , 

the present invention encompasses any f la-gel 1 a - 1 ess strain cf a microorganism belonging 

tc the genus Borrelia. Ac cord l ng 1 y , with the aid cf the present disclosure, 

f 1 agel la - 1 ess mutants of other Borrelia species, e.g., B. coriacei, wnich causes 

epidemic bovine abort i on, B. anserine., which causes avian spirochetosis, and B. 

re current l s and other Borrel la spenes causative cf relapsing fever, such as Borrelia 

hermsn, Borrelia taricat.ae, Borreln duttoni, Borrelia persica, and Borrelia 

hispanica, can be prepared and used in accordance with the present invention and are 

v/ithin the scope of the invention. Tnus, the invention includes a culture of the 

f 1 agel la - 1 ess rorreliae, a composition of matter c:mprismg a substantially pure 

preparation of a f lage 1 1 a - 1 ess strain of such a microorganism, and a composition of 

matter comprising a purified preparation of antige ns derived from a culture .of a 

f 1 agel la - 1 ess strain of such a microorganism. 

Brief Summ ary Text (16) : 

Al so* included is an i nrrni m oa ^ ^ay procedure for detection of Borrel iccio, i.e., infection 
with borrel iae, comprising obtaining a biological sample, such as a sample of a bodily 
fluid, such as blood, serim, plasma, urine, or synovial or cerebrospinal fluid, from an 
individual to be tested, contacting the sample with an antigenic preparation derived 
from a culture cf a selected f lage 1 1 a - 1 ess strain of borrel iae under- conditions 
suitable to a 1 how binding between the ant iqens in the preparation and 
hcrrel iae-rea:tive antibodies in the sample and detecting the banding. 

Br tef Summary T ext (17) : 

Sc called "agqlutination" assays may be used in accordance with the present invention. 
In one example, a ''latex agglutination" assay, tne antigenic preparation is adsorbed or 
chemically c oupd ed tc a particle, such as a latex bead, and particles bearing the 
an_t_i^_en are agglutinated under conditions which allow crossl inking of a n t i g e n molecules 
cn discrete particles by ant ibody - ant igen complex formation. Alternatively, the 
antigenic preparations can be used in a sc called " mi or oagglut l na t ion " or 
" f Locculat i on" assay, where clumps of ant igen - ant ibody complexes are observed directly. 



Brief Sum mary Text (13) : 

In another embodiment, the immunoassay may comprise what, is known to these of skill in 
the art as a competitive immunoassay; in such an eissay binding is detected by adding a 
preparation o-f labeled antibodies reactive with a selected f lag-el la - less Borrelia 
strain to the contacted sample and measuring binding of the labeled antibody to the 
antigenic preparation. Because antibodies in the sample will cimpete with tne labeled 
antibodies for antigenic epitopes m the antigen preparation, minding of the labeled 
ar;t ibody w: 1 1 b*-- inversely prciio rt i ona 1 to t : <• .-onoent r at ion of ant : :ody in t h<- samp I e . 



h ♦ «• ma by' ado; 
a r e c a p a b 1 e o f b i : i d i n g t 



mmuro- ,s say p 



uu i mav : < • an 



.he antibodies in the sample ie.g. , ant: -immunoglobulin 
antibodies) under conditions suitable to allow binding between the labeled antibodies 
and the antibodies in the samples and measuring the amount cf the labeled antibody 
b o unci to the an 1. 1 q e n - b c u n d a n 1 1 b o d i e s . 



; nvent : on a i . 



■ t i n i autircu: 
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immobilizing an antigenic preparation derived from a culture of a f lagel la - less strain 
of the Bcrrelia species on a solid matrix, contacting the i mm: bill zed preparation with 
a sample to be tested for the presence of the antibodies under conditions suitable to 
allcw binding between the ant 1 gens in the preparation and the ant ibodies, separating 
antibodies bound to the immobilized ant i gens from the remainder of the sample, and 
detecting the ant lgen -bo una antibodies. Also included is an additional solid-phase 
immunoassay for detecting antibodies capable of binding to nor.-f lagellar antigens of a 
selected Eortelia species comprising obtaining a sample from an individual to be 
tested, immobilizing antibodies present m the sample on a solid matrix, separating the 
immobilized antibodies from the sample, contacting the immobilized antibody with an 
antigenic preparation derived f rem a f la gel 1 a - 1 ess strain of the selected Borrelia 
species under conditions suitable to allow binding between the ant lgens in the 
preparation and trie antibodies, and detecting the ant l gen - bound antibodies. With this 
methed, the antibodies are detected by contacting the ant igen -bound antibody with a 
detectably labeled antibody cap. able .of specifically omdmg tc the ant igen - bound 
ant.ir.cdy under conditions suitable too allow the binding to occur. 

B rief Sum ma ry Tex * (23) : 

The invention also includes a number of kit.? for immunoassay. Such kits may comprise, 
for example, a carrier compartmentalized to contain one or more containers, and a first 
container containing an antigenic preparation derived from a f lagel la- less strain of a 
selected Brrrelia species. Jn one embodiment, the antigenic preparation may be p.rovided 
immobilized on a solid phase, such as a microtiter well or latex bead. The kit may 
farther comprise ^ second container comprising a preparation of .nuL±bcdi.ea reactive 
with the an t igens m the antigenic preparation, and/or a third ccntamer containing a 
detection reagent . 

Brie f _ S ummary Te x t (24): 

The invention includes vaccines for Borreliosis and vaccination procedures, Vaccines 
according to the present invention may comprise, for example, an antigenic ocmp:nent 
derived from a culture of a f 1 agel la - 1 ess Borrelia strain and a charmaceuti rally 
acceptable carrier . As with other aspects of the invention, trie vaccine can comprise 
any of a number of selected Borrelia species, including but not limited to 3. coriacei, 
for prevention of epidemic bovine abortion; B. recurrentis, B, hermsii, B. turicatae, 
B. duttom, B. persioa, and E. hispanica, for prevention of relapsing fever; and 3. 
anserina for prevention of avian spirochetosis. Preferably, however, the vaccine will 
be preventative of Ly me di sease in which case it will include an antigenic component 
derived from a f lagel la - 1 ess strain of B. burgdorferi. 

Brief Sum mary T ext (25) : 

The invention als: includes a method for inducing an immune response of a mammal or 
bird to a microorganism rehngmg to the genus Borrelia comprising administering an 
immunogenic dose :f the vaccine to tne mammal or bird. As those of skill m the art 
will appreriate, a number of mammals are infected with or are carriers of Borrelia 
pathogens and thus the invention is not limited by a particular mammal to be injected 
with the vaccine derived frcm a particular Borrelia species. However, preferred 
combinations are those mist likely to elicit control or prevention of a commercially 
significant pathogen. Consequently, vaccines comprising antiaens from B. burgdorferi 
will usual. y oe admi n ist ered to the p r i m.ary v;V : m.s or carriers of Lvme u:s*oase such . t s 
humans, a :o, horses, -guide, •■ c ' '. < victims' , : ■ < o and rodents, .particularly miu<-, 



d fro 



: r i a .: 



par j 



B r l e f Su mm ary Text [26 ) : 

In addition to the reduced potential for elicitaticn of undesirab 
responses and the ability to be administered as live attenuated vaccines, 
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■diagnosis of Ecrreliosis, and :i;e:r preser.ee will be suggestive of a vaccine failure. 
Drawing I nscription Te xt ( -5 ) : 

FIG. 5: 2cmparison of W, M, and F. cells of Borrelia burgdorferi strain H519 m an Ebl SA 
'/,' 1 1 h L y m e disea se patient and control sera. The x ana y axes are the abscrbance values 
from the assays. Each point denotes the result of each serum in the pairwise 
comparison. When abs:irbance results with sera were . gt oreq . 1 . 5 0 0 with; either of the 
ant igens in the r omp ar i son , a single point is shown. 

[■ rawing E -esc r lpt l o n Text ( L 8 ) : 

Generally, for detection of antibody in biologic samples, such as blood, plasma, serum, 
cerebrospinal fluid, synovial fluid, urine and the like, the f 1 agel 1 n - 1 ess borrel lae as 
a ntigen , :r an antigenic composition prepared tnerefrom, is preferably adserred, or 
otherwise attached, to an appropriate adsorption matrix (for example, the inside 
surface .of a microtiter dish or well) and a eampde of a suspected ant i bo dy - c ontai ni ng 
composition is contacted t herewith to cause formation of an immur.ee ornpl ex bet ween 
a nt lgen s m the composition and any antibodies m the sample that bind to those 
a nt lgens . The matrix is then washed to remove non - spec i f i rally bound material and the 
immune complexes are detected, typirally tnro,gh the use of an appropriate labeled 
1 igand . 

Drawing II' e oc i gjo 1 1 : n Tex_ t (19) : 

Ant lgen composition? oomprismg f 1 agel 1 a - 1 ess borreliae may also he incorporated into 
diagnos t i c kits u -^f -i 1 m performing assays of the tyre do sen bed abo'oe. A .lUmb^L uL 
kits might be utilized in the practise of the present invention, for example, a kit 
comprising a carrier rompartmental l z ed to contain at least one, at least two, or at 
least three or more containers. 

Drawi ng Descriptio n Text (20) : 

A first container may include a composition oomprismg an ant l gen preparation of the 
f lagel la - less borreliae, winch may include whole cell preparations or- lysates of 
f lagel la - less mi r rc-organisms or preparations including partially cr substantially 
purified antigenic components derived tnerefrom, and in particular, cell surface 
protein an tigen s. The kits may also molude antibody compositions having specificity 
for one cr more Borrelia a nt lgens . Both antibody and ant i gen preparations should 
preferably be provided in a suitable titrated form, with ant lgen c : n rent rat ions and/ or 
antibody titers given for easy referenre m quantitative applications, although the 
antigenic preparation may also be provided immobilized on a solid matrix. 

D rawing Descrip t i o n Text (21): 

The kits may also include an immunodetection reagent cr label for the detection of 
specific immune react 10 n between the provided ant lgen and/ or antibody, as the case may 
be, and the diagno stic sample,. Suitable detection reagents are well known in the art as 
exemplified by radioactive, enzymatic or otherwise chromcgenio ligands, which are 
typically employed in association with the gpt^i^ego and/or antibody, or m association 
with a second antibody having specificity for the ant lgen or first antibody. Thus, the 
reaction is detected or quantified by means cf detecting or quantifying the label. 
Immunodetection reagents and processes suitable for amplication in (connection with the 
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.^-■mpos i t l ens suitable tor a ami : . ; ,.v r a t i u as t atoin^s ..'oh 1 re f o i verb , t ed to include too 
f 1 agel la - less borreliae, whole cell lysates thereof, or pur i f red antigenic prcparat ions 
derived from the f lagel la - .ess borreliae. Typically, such vaccines are prepared as 
l n 1 eotables , either as liquid solutions or suspensions, although solid forms suitable 
for solution in, cr suspension in, liquid prior to injection may also be prepared. The 
rreroarat i ens ma" also be - ( ". o : : : : . 7j... reactive : ooo:.. :<■:. : - iru-edoiO is otter. :• ; x< 
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will be therapeutically effective and i mmui icgen i c . The vaccines may be conventionally 
administered parent era 1 1 y , by infection, fcr example, either subcutaneously or 
intramuscularly. Where a live vaccine is used, preferred modes of administration are 
subcutaneous and intradermal injection. Additional formulations which are suitable for 
other modes of administration may include oral u intranasal formulations. The quantity 
to be administered will depend on the subject, t. :> be treated, capacity of the immune 
system to synthesize antibodies, and the degree of protection desired. Precise amounts 
of active ingredient required to be administered will depend on the judgment of the 
practitioner and may be peculiar to each individual. However, suitable dosage ranges 
may be on the order of j . C 1 uj to 10 mg , and more preferably .1 to 13 j ag active 
ingredient per- kilogram of body weight . Suitable regimes for initial administration and 
booster shots will also be variable, but may be typified by an initial administration 
foilzwed by sub-sequent inoculations or other administrations. 

T raw i ng Pe -s:n £tJLo r. Text [2-1} : 

In many instances, it may be desirable to nave multiple admimst rations of the vaccine, 
at from t.w: t-o twelve week intervals, more usually from tnree to five week intervals. 
£ eric die boosters at intervals of 1 - B years, usually three years, will be desirable to 
maintain protective levels of the antibodies. The course : f the immunization may be 
foil: wed fcy assays for antibodies for the a ro t i a e n s as described above. 

Detailed Desc ript ion Text (H! : 

SPS-LAGE revealed that the K cells, when compared to W and r. cells, lacked a major 



between the proteins profiles of W, M, and R were noted by SEiS-FAGE. 
Petal led D e s c ript l : n T e x t ( 1 ~j ) : 

The identity of the 3 7 kPa protein witn flagellm was confirmed, by Western blot 

arid lysis with the monoclonal antibodies H9724 and H-04. Mon: clonal antibody H9724 binds 

to native and denatured flagellms of different Bcrrelia spp . (Earnour et al., 1986). 

Murine monochnal antibody H-)5 is directed against the flagellm of Borrelia 

bu rgd or f er i (r arbour et al . , 195E) . 

P etal led Le acr i pti on Text (2 c ) : 

Even with long exposures, full length or truncated flagellm protein was not 
detectable. Western blots with polyclonal rabbit antisera t: Bcrrelia burgdorferi and 
Lyme disease patent sera confirmed that M cells appeared to differ from a and R cells 
only in the absence :f a mayor antigen of approximately 37 kE'a (data not shown J . 

direct 1 I ec * Pr escript it n Text {2 1 ) : 

Although the absence of flagellm within tne cells of the mn-motile mutant was 
probably the result of failure of expression of the flagellm protein itself, another 
possible explanation of the findings is that flagellm was produred by tne ceils tut it 
was not anchored tc the hood: proteins, and hence lost to the medium. Tnis seemed 
unlikely, because even transiently associated flagellm should nave been detectable in 
tne cells by Western blot. Nevertheless, this alternative explanation was tested by 
intrinsically labeling the different isolates with .sup. 55 S-metnicnine during growth 
and then exammmg the supernatant for evidence- of l mmu no react lve flagellm 
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The enzyme -linked imrvarioabsorbent assay , ELI SA ■ us ma whole cells cf Bcrrelia 
burgdorferi was a modification of the method of Magnarelli et al. ^Magnareili and 
Anderson, 19S9) . Harvested barrel lae were suspended m PBS/Ma and an estimate of total 
cellular protein m the suspension was made using the Bradford assay Rio-Rad 
Laboratories, Richmond, Cal: t . ) . 

D etail ed Pe s rr ipt i en Tent v 0 - : : 

Tne suspension was diluted 1:1 0 0 0 in a volume of carbonate nuffer [Magnarelli ,u : 
Anderson, 19r 8) that gave a protein concentration of 1.4 mg/'ml; 50 . tu . 1 of the diluted 
cell suspension was added to each //ell cf a f 1 at - hot t. omed , polystyrene microti: er plate 
1 C mm ) . After incubation of the plates for 13 hrs at 37. degree. 0., 20 0 ul of 1^ 
iw'v) dried nonfat mil"-; in PBS was added to each dry well. Plates were incubated for 1 
hour at 37. degree. 7.. and washed 4 times witu 2 0 0 ul if PBS. Trie pi a t es were incubated 
i ;>r 1 hour at 37. degree. 7., and then washed with PBS. Bound I gG an: iboay was assayed 
with horseradish per oxi dase -ton;) ug at ed , anti-human IgG (gamma-chain speci f he) ucat 
antisera ( 7 a 1 - Bi o then, San Diego, Calif.) m 1% nonfat milk/'PBS buffer. After 
intubation fir 1. hr. at 37 .aegree. C. , the plates were washed 4 times wit.n 210 ul of 
PBS. The substrate f :>r the peroxidase reaction was O - phenyl ene diami ne oil hydr ocn 1 or i de , 
and absmbance values at 4 9 3 mM were recorded on a Piynatech EL I SA reader (Model #590) . 
The maximum absorbaroe value read was 1.B0D3. 

Detai led Peso rip :: ion T_e;-;t ( ?4 ) : 

The mean aborbanre -values (. + - standard error) fcr the 17 patient sera were i.IO 
(.+-.C.0?) for a', l.'-l ■ ' 08) for M , and 1.1 E [ . - - . 0 . : o) f or L tells. Anah-uuc 

determinations for 1° control sera were Cm 1 9 (. + -.0.03), O.lv ( . + - . 3 . j 3 ) , and 0 . 2 0 
(-0.03), respectively. FIG. shows the pairwise compar i sons for W, M, and R cells when 
patient and control sera were used in the 5 L I S A . There was good correlation between W 
and R cells for patient sera. Furthermore, when control sera were used the 3 isolates 
gave comparable results Surprisingly, the f lamella-less M cells had an equal or higher 
absorbance reading for each patient serum when compared with W and R cells. Many of the 
values with M cells in the Eh I SA were . g t oreg . 1 . 3 0 , the absorbance reading maximum. 
When sera were diluted 1:10jO instead of 1:500 consistently higher absorbance values 
with K cells as compare"! with W and R cells was observed (data not shown) . 

D etailed Pe s cno t i on Text (44 ) : 

From these studies we concluded that flagella less strains could be isolated from 
Bcrrelia burgdorferi cultures and maintained m vulture. Furthermore, the absence of 
flagella does not reduce the efficacy of a 3orrelia burgdorferi fcr serologic testing 
for antibodies to Bcrrelia burgdorferi in patients with Lyme borrel i os l s . Indeed, the 
use of a f lagel 1 a - 1 ess micr :■: rgan i sms in a serologic assay is likely tc improve the 
sensitivity and specificity : f the assay. Although applicants are not round by theory, 
the possible reasons for this are the following: (a) When flagella are not present, the 
relative amounts of other proteins in the suspension on a protein concentration basis 
increases. One or mere cf these coher proteins [or non-proteins) may be more important 
than flagella for diagn ostic purposes, (b) Flagella are likely a major source cf 
false-positive reactions, because of the cross - react ivit ies between the flagella of 
Borrelia burgdorferi and those of '.other bacteria. When flagella are not present , the 
specificity of the assay may improve. The f 1 age 1 1 a - 1 es s isolate could be used in place 
of borrel i a with 'he wi ..d - type puovotyo* :n : mmunof lucres ten c« , EL I SA - ha , anu Western 

an a n t i g e n preparation containing tlagella. Studies have- demons t ra t ed cross - react ions 
between flagellar - assocated a nt igens and human tissues, including nerve and muscle. It 
is possible that "actings containing large or small amounts cf flagellar materials will 
induce an autoimmune reaction in trie recipient. 
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Detailed Description Text (53) : 

In additional studies, rats were immunized i : . t ramu s cu 1 ar I y with 2 0 . mu . g total protein 
of borrehae in complete Freurvd 1 s adiuvant. After 6 weeks, the rats were bled ana their 
serum was analyzed by E LI SA , essentially as described above. The results of this 
experiment shown in Table 3, indicated that immunization with M cells induced a 
significant immune response against W cells. 

Det ailed r escript i:n Text - v 5 5 ; : 

As shown , serum frtm lmmunioed rat s , even at a dilution oi 1:3,000 was capable of 
neutralizing B. burgdorferi. Tnus, when used to immunize rats, f lagel la - less (M; cells 
were as effective as f 1 agel la -rear i ng cells m eliciting antibodies to E. 

burgdorferi as determined by Eh I SA and by growth inhibition assay. 

P etal le d Des orip ti in Text ('33) ; 

h A. 3 . Paroour, Isolation and cultivation cf Lvme disease spirochetes, Yale J. Biol . 
r-!ed. L9B4; 57:5'. 1 - E . ~" 

Deta il ed Des c r ipt l tn Tex t (64) : 

3. A. G. Baroour et al . , Antibodies of patients with Lyme diseas e to components of the 
Ixodes dan.mim spirochete, J. Tim. Invest. (1 983a); 72:504-15. 

Detailed Pes c npt i : n Text (67) : 

£'■■ ■ A. G . Barbour e- al . , Heterogeneity of major proteins in Lyme disease borreliae: a 
molecular analysis of Worth American and Euro-mean ioolot.es, J. Infe< 
1E2 :473-84 . 
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retail ed Des:ripti:n Text (68) : 

A. G. Earbour et al . , Variation in a major surface protein of Lyme disease 
spirochetes, Infect. Imrnun. 1984; 45:94 -100. ~ 

D etailed D es cription Text (72) : 

11. J, L. Benach et al . , spirochetes isolated from the blood of two patients with Lyme 
disease, K . Engl. C\ Med. 1983; 308:740-2. 

r 1 etai le d Desrrip ^tui ; n Text ( " 3 ) : 

12. B. W. Berger et al. , Lym e disease is a spirochetosis: a review of the disease and 
evidence for its cause, Am. J. Dermatolpat hcl . 1983; 5:111-24. 

Detai led Descrip t ion Text ("8) : 

17. C. A. Eiesielski et al . , "The geographic distribution of Lym e disease in the United 
States; In Benach and Hosier (eds.), Lyme D is ease and Related Disorders' vol. 539, New 
Vcrk, The New York Academy of Sciences. 1988:2=3-8. 

Detailed Descrip ti on Text ( " 9 ) : 

18. J L. Coleman and J. L. Benach, Isolation of antigenic components from the Lyme 
disease spirochete their role in early diagnosis, J. Inf. Dis. 1987; 155:756-765. 

Detail ed D o_s< : rip 1 1 c n Te x t. (81): 

- F . *. \ : . 7~Aut \ a ens or hc:o<-l:a : ,;r.:.i;: r hoc o.;:.;:oi dor::.; hvv<- 

T - B - 1 ymphocyt e respoiises to Bcrrel ;a burgdorf er : , N. Engl. C. Men. 19 8 8 ; 13 9:1441-6. 
Detail ed D e s c riptic n Tex t ;?S* : 

27. R, L. 3rodzicki et al . , Comparison of imrcuuobl ot 1 1 ng and indirect, en:: vme - I i nked 
immunosorbent, assay using different a::t:.ie:i p rer \i r a t i o us : ? i ; , ; : u . . . u i <-arIv : ,v v - *• 
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detailed Descr iption Text ■ I C 3 ) : 

42. D. A. Magnarelli, Serologic diagnosis of Lyme dise ase, In: Benach and Hosier 
teds.); Lyme Di sease and Related Disorders, vol . 53 9, New York, The New York Academy of 
Sciences , " 1 988 : 1 54 : 61 . 

[ letailei Descripti on Text ( 1 1 C ) : 
49. L. H. Sigal anTXTTTT latum, IgM ir 
s ease Bind to Cr oss - react : rig Nei.;rc::a' 
Acad. Sri. 539:422-424 (1988). 

Detailed Descripti:n Tex t (111) : 

EO. G. Stanek ot al. , "European Lyme Bciieliosis, 
P i sease and Related Disorders, vol. 53 9, New York, 
1 988 : 274 -82 . 

Detailed E'es c r i p t i in Text (115) : 
E4. A . C. Steere e: al. , The spirochetal etiology of Lyme disease, N. Enal . J. Med. 
1983; 308:^3 3-40. 

D e t a 1 1 e d pes ; • i i p 1 1 : n Text (116) : 

5 Ei. A. C. Steere, Lyme diseas e, New Engl. J. Med. 1989; 321:586-596. 
Detailed E ' escnrti - -n Text (lift) : 

57. D. D. Thomas and L. E. Corns took, Interaction of Lyme diseas e spirochetes with 
cultured eucaryotic cells, Infect. Irnmun. 195 9; 57 : 1324 -6 . ~ 

D etailed Description Text (119) : 

58. R. Wallich et al. , The Borrelia burgdorferi f lagel lum-associated antigen 
(flagellm): molecular cloning, expression, and amplification of the gene, Infect. 
Irnmun . 19 90; 58:1711-1719. 

Detailed De s cription Paragraph Table {3} : 

TABLE 3 " ELI SA Test With Serum Diluted 1:1,000 

Absorbance Rat # Irnmunogen ELI SA antigen Value 1 

W cells W cells 0.713 M cells 0.727 2 W cells W cells 0.592 M cells 0.629 3 M cells W 
cells 0.555 M cells 0.449 4 M cells W cells 0.589 M cells 1.082 5 Adjuvant alone W 
cells 0.010 M cells 0.014 6 Adjuvant alone W cells 0.015 M cells 0.013 
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